A man with severe peripheral vascular disease and requiring total parenteral nutrition because of short bowel syndrome was referred because a central venous catheter could not be inserted by conventional techniques. A right thoracotomy was performed and a Hickman catheter inserted via the right atrial appendage into the right atrium. This catheter was used for a total of seven months for total parenteral nutrition. For the last two months of this time, the patient was maintained at home on a Home Parenteral Nutrition Programme. After four months of total parenteral nutrition the patient developed recurrent fevers and the catheter was found to have migrated from the right atrium into the pulmonary artery. The catheter was resited under x-ray control and used for a further three months until the recurrence of fever and dyspnoea heralded the onset of septic pulmonary emboli resulting in his death.
Modern nursing care allows central catheters to be left in situ for lengthy periods and few units now routinely resite catheters after a defined period. The problem of absence of sites for central feeding lines is thus rare but can occur with repeated and frequent use of venous sites, especially when the venous catheters are cared for poorly. With the use of silicone rubber catheters such as the Broviac and Hickman catheters, § inserted into the superior vena cava, the catheter time can be extended for months to years provided adequate aseptic care is maintained.
CASE REPORT
A 59-year-old man was admitted to a suburban hospital on 2nd June 1979 with ischaemic pain in his right leg. He had a history of severe peripheral vascular disease with previous aorto-bifemoral and femoro-femoral crossover grafts. Following admission he required embolectomies to both legs and eventually an above-knee amputation of the right leg was carried out on 16th June 1979.
Following this procedure he developed a small bowel infarction and all but 30 cm of small bowel was removed together with the right colon. It was felt that his residual bowel may eventually allow adequate enteral feeding and so hyperalimentation was commenced in the immediate post-operative period.
Over the next three months he had multiple insertions of central venous lines for total parenteral feeding and attempts were made to cut down on both subclavian and both internal jugular veins. When it became impossible to obtain central venous access, he was fed through peripheral veins, but he lost weight and venous cannulation ultimately became impossible.
He was transferred to The Royal North Shore Hospital. Physical examination showed no evidence of venous obstruction and ultrasound showed flow in the vessels of the neck. A right percutaneous infraclavicular subclavian puncture was performed successfully under general anasthesia but the catheter could not be advanced. An attempt was made surgically to expose the left internal jugular vein but this could not be identified due to the distortion and fibrosis consequent upon previous surgery. At a second operation (small right anterior thoracotomy) a Hickman silicone rubber catheter was inserted through the right atrial appendage via a purse string of 30 tycron. A heavy linen ligature was then firmly placed around the right atrial appendage and catheter to seal and fix the catheter without kinking. The catheter tip was in the right atrium ( Figure  1 ). The catheter was brought out across the thoracic cavity leaving some redundant catheter in the thorax and the teflon cuff was buried in a subcutaneous tunnel. After recovery the patient was recommenced on total parenteral nutrition and when this was established adequately he was returned to the referring hospital. The catheter remained patent for a period of four months in spite of having to be repaired with liquid silicone rubber after accidentally being cut with scissors.
After four months the patient was transferred to the Royal Prince Alfred Hospital for consideration for home total parenteral nutrition as it had become apparent that the patient's remaining gastrointestinal tract was unable to support adequate enteral nutrition. On admission he was found to have recurrent pyrexia and chest pain and a chest x-ray and ultrasound examination of the heart revealed that the tip of the Hickman catheter had migrated into the pulmonary artery ( Figure 2 ). Repeated blood cultures failed to grow any organisms. There was no evidence of bacterial endocarditis or pulmonary emboli, but it was suggested that the patient's symptoms and signs could be explained by the presence of the catheter across the heart valves. system of veins. Because of the absence of any other available sites, the Hickman catheter was withdrawn into the right atrium under x-ray control ( Figure 5 ), the redundant catheter within the thorax was eliminated, and a new subcutaneous tunnel fashioned. The teflon cuff was reimplanted in this tunnel. Following a course of intravenous and then oral antibiotics (co-trimoxazole), his fever settled and the patient was successfully established on home total parenteral nutrition. I Five months after initial insertion of the catheter, he was discharged from hospital and, with the aid of his wife, cared for his catheter daily with aseptic dressings and a heparin lock. He underwent parenteral feeding while asleep at night using an IMED volumetric pump. He gained weight, became mobile on crutches, and commenced rehabilitation prior to the fitting of a right lower limb prosthesis.
On 17th April 1980 he was readmitted to Royal Prince Alfred Hospital with fever, rigors, dyspnoea, and chest pain of two days' duration. Examination revealed signs Anaesthesia and Intensive Care, Va!. IX, No. J, February, 1981 consistent with recurrent pulmonary emboli and when blood cultures showed a pure growth of staphyloccus aureus, a diagnosis of septic embolisation was made.
As other sites for venous infusion were not available, the catheter was not removed on admission. Antibiotics were administered via the catheter together with full heparinisation, and total parenteral nutrition was completely ceased. Rapid deterioration ensued and on 20th April 1980 the patient died.
Autopsy findings revealed a saddle embolus at the bifurcation of the pulmonary artery as the probable immediate cause of death. A marked fibrous reaction had developed around the catheter within the right atrium and evidence of gross foci of septic endocarditis was present in the atrium and in the coronary sinus which was obstructed by organised thrombus. The infective organism (staphylococcus aureus) was isolated from all these sites.
DISCUSSION
The use of central venous catheters for total parenteral nutrition (TPN) is well established and the use of the silicone rubber Hickman and Broviac catheters has extended the life of these central lines for months and even years.
This patient illustrates some of the more unusual problems encountered in providing long term venous access for life support. Repeated insertions of central lines and this patient's underlying poor cardiovascular system undoubtedly led to the eventual thrombosis of all central veins available for cannulation. When faced with such a potential long term total parenteral nutrition patient, earlier use of a Hickman catheter seems logical in an effort to prevent permanent loss of potential catheter sites.
In this patient, placement of a Hickman catheter in the right atrium by transthoracic approach not only seemed reasonable but was in fact the only possible long term placement if TPN was to be continued. Some authors 2 recommend that the catheter should never be placed in the atrium as the risk of cardiac perforation, conduction disturbance, and flat wall injury is increased if hard catheters are used. However, this risk appears small if soft catheters are used and certainly was not a problem in this patient. Broviac, Cole and Scribner noted in ten patients who died with right atrial catheters in situ, that only one had any abnormality in the right atrium and it was possible that the small mural thrombus present in this case was there prior to catheter insertion. 3 However, from our experience with this patient, it would seem preferable to place the catheter if possible in a position of streamlined flow as in the superior vena cava, and not the turbulent flow of the right atrium where the presence of hypertonic solutions which are not immediately diluted, may lead to thrombus formation and sepsis with disastrous consequences as in this patient.
Redundant catheter within the thoracic cavity should also be avoided as the cardiac action may cause migration of the catheter through the cardiac orifices despite anchoring of the catheter by suture to the atrial appendage.
The single most important manoeuvre in management of an infected central venous line is its removal. On both occasions when this patient developed septic complications removal was deemed undesirable as it would have denied venous access completely. All central venous catheters used for parenteral nutrition purposes must be cared for by aseptic and antiseptic technique if potentially lethal septic complications are to be prevented. This is particularly important in a home parenteral nutrition programme when training of the patient in such techniques is all important. It may be that the manipulative episodes necessary to get this patient's catheter into an ideal position contributed to the ultimate severe sepsis which occurred. CONCLUSION Recommendations apparent from this case are: 1. Early referral to a specialist unit and use of a long term Hickman catheter from the beginning in a probable long term total parenteral nutrition patient with preservation at all costs of potential central venous catheter insertion sites. 2. If a transthoracic approach is necessary, placement in the superior vena cava should be safer than placement in the atrium. Redundant intrathoracic catheter should be avoided to prevent possible migration. Secure anchoring may be difficult if kinking of soft catheters is to be avoided. 3. Strictly sterile catheter care is mandatory to prevent septic complications and this is of particular importance in the home parenteral nutrition situation.
